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The Frenklin Institute of the State of Pennsylvania, acting through 


о ite Committee оп Science and the arte, investigating the Coolidge Tube, invented 


із by Doctor William D. Coolidge, of Schenectady, New York, reporte ss follows: 


The X-Ray Tube which is the subject of this report was devised 


5 by Doctor Ё, D. Coolidge of the Research Laboratory, of the General Electric 


в Company, at Schenectady, New York. 


In an article on "A Powerful Rontgen Ray Tube" published in the 


із "Physical Review" for December, 1918, Doctor Coolidge describes this tube ав 


u follows: 


"The structural features of the new tube which differ from those 


" of the ordinary type are the following: 


"Тре pressure, instead of being, as in the ordinary tube, a few 


? microns, ів 88 low as it has been possitle to meke it, that is, not more than 


мо а few hundredths of a micron. 


"The cathode consists of a body which cen be electrically heated 
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(such as є tungsten or tantelum filsment) and, suitably located with reference 
to this portion, an electrically conducting ring or cylinder, consisting рге- 
ferably of molybdenum or tungsten or other refractory metal. The ring or 
eylindear is connected either to the heated portion of the cathode or to an ex- 
ternal source of current by means of which ite potential may be brought to any 
desired value with respect to the heeted portion. The heated portion of the 
enthode serves as the source of electrons, while the ring or cylinder asei sts 
in so shaping the electrical field in the neighborhood of the cathode that the 
desired degree of focussing of the cathode-ray stream upon the target sball 
result. 

"The anticathode, or target, functione at the sare time ae anode. 

"The operation is setisfactory only when the vacuum is exceedingly 
high, so high that the ordinary tube would carry no current even on 100,000 
volta, 

"Ав will be seen from the characteristics of the tube, it gives, 
in operation, no evidence of positive ions. This makes the theory of its 
operation exceedingly eimple. i 

"The discharge appears to Ъе purely thermionic in character, 
"The rate of emission of eleotrons from the filament арреага to 
be in eccord with Richardson's Law, which says that the maximum thermionic 
eurrent, which can be drawn from a hot filament is 
i =a /Te з 
where T ів the absolute temperature, e is the base of the natural system of 
logarithms, end а and b are constants. 


"In the particular tube described in detail in this paper, this 
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‚ Simple lew &coounte perfectly for the conductivity of the tube. With atill 


higher temperatures, however, the ді воћагае currente would be found te ine 
oresee at a much slower rete then thet required by the stove law, ......... 

‘Thies description relates to tube No. 147 which wae used in 
getting the data for the following tables, Plete I stows є complete авяе у 
of the tube, 

"Ip the diagram, 25 is є tungeten filament in the shape of a flat, 
closely wound epiral. It сопвісбе cf s wire 0.216 mn. in diameter and 55.4 
тв, long with 5 1/2 convolutions, the outermost of whioh bas a diameter of 5.5 
mm. It ie electrically welded to the ende of two heavy molybdenum wires 14 
and 15, to the other extremities of which sro welded the two copper wires 18 
end 17. These in turn are welded to the platinum wires 18 and 19. The molyb- 
denum wires are sealed directly into a piece of spacial 81888, 12, which hae 
eseentially the seme tenpersture coefficient of expansion as molybdenum, This 
first sesl is simply to insure a rigid support for the hot filament, the outer 
seal being the one relied upon for vecuum tightness. The outer end, 15, of 
the support tube is of German glass like the bulb itself, and it ie therefore 
necessary to interpose st S а series of intermediate glasses to take care of the 
difference in expansion coefficients between 1? and 15. The small glass tube 
20 prevents short-cirouiting of the copper wires, 18 and 17. 

"The filement is heated by current from а small storage battery 
which is, electricelly, well insulsted from the ground. 

"In the circuit are placed an —" and an adjustable rheostat 


and, by means of the latter, the filament current osn be regulated, by very fine 


steps, from 5 to 5 amperes. Over this current range, the potenti al drop through 
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the filament varies from 1.8 to 4.6 volts and the filament teapereture from 


1690 to 2540 degrees absolute. 

"The focusing device consists of я cylindrical tube of molyb- 
denum 21. It is 6.5 mm. inside diameter and is mounted so as to te concentric 
with the tungsten filament, and so that its inner end projects 1.0 mm. beyond 
the plane of the latter. It is supported by the two stout molybdenum wires 
22 and 23, which are sealed into the end of the glass tube, 12. It is motal- 
lically connected to one of the filament leads, et 24. 

"Besides acting ss a focusing device, it 8180 prevents any dis- 
charge from the beck of the heated portion of the cathode, 

"The anticathode or target 2, which 8180 serves as anode, con- 
siats of а single piece of wrought tungsten, having at the end facing the cathode 
a diameter of 1.9 om. Ey means of s molybdenum wire 5, it is firmly bound to 
the molytdenum support 6. This support is made up of a rectangular strip and, 
riveted to this, three split rings 11, 11, 11, 811 of molybdenum. The split 
rings fit snugly in the glass anode srme 7. They serve the double purpose of 
properly supporting the anode end of conducting heat away from the rectangular 
strip and so preventing too much heat flow to the seal of the lead-in-wire 9. 

"The bulb is of German glass end atout 18 om. in diameter. 

"The exhaust is as thorough as possible. 

"For the earlier tubes, mercury pumps were used, with a liquid- 
air trap between tube end pump to eliminate mercury vapor. The whole tube, 
while connected to the pump, was in вп oven and was heated at intervals to 470° 
С. Between hesting operations the tube wee opersted with as heavy discharge 


currents as the conditions of its vacuum would permit. For hours the tube 
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would show the charsoteristios of en ordinery Bontgea tube, and in many cases а 
several days! application of the stove trestaent wee required to entirely elisi- 
nate these characteriatios end to realize an essentially pure electron di ssharge. 

"The exhsust time hae been greatly reduced in two ways. The 
massive tungsten anode is given a preliminary firing to 4 very bigh temperature 
in в tungeten—tube vacuum furnace, The molybdenum eupport ie 8180 fired, to & 
somewhat. lower temperature, in the seme manner. In the second plece, а Goede 
molecular pump hes been subatitoted for the mercury pumpe and, et the same time, 
a very large and вбогі connection hse been adopted between tube and pump. 

"In the later stages of the exhaust a very heavy discharge current 
ie maintained continuously on the tube for perhape an hour, the temperature of 
the tulb being kept from rising too high by the use of в fan. 

"The pressure in the finished tube is very low, certainly not 
more then s few hundredths of а micron 804 probably much lees than that. 

"The tube wee connected аз shown in the diagram of Plate II in 
which, T is the tube; Bie в emall storsge battery; А ів an ammeter; R is sn 
adjustable rheostat which овп be controlled from behind the lead screen which 
Shields the operator from the Réntgen raye; 8318 an asjustatle өрөг зар vith 
pointed electrodes, which can 8180 be operated from behind the Led но and 
М їв е millismpere-meter which can te read from behind the screen, | 

"Ав the high potentis] is connected to the battery etrouit it ie 
necessary that the latter ehall be thoroughly inewlated from the ground. 

"Ав в high potential source, s 10 K.W, Snook machine .......... 
мев used. This consists of a rotary converter driven from the direct current 


end and delivering elternating current st 150 volts snd 60 cycles per second to 
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a closed magnetic oircuit step-up transformer with oil insulation. From the 


secondary of this transformer the high voltage current is passed through а 
mechanical rectifying switch (which ia direct-connected to the shaft of the 
rotary) and the milliampere-meter Й, to the tube. The output of the trans- 
former is controlled by a variable resistance in the primary. 

Throughout these experiments а fan таз kept Howing on the tube. 
Without this fan, the ges pressures in the tube would be slightly higher, and 
the discharge currente would te in consequence slightly lower." 

The fundamental United States Patent on the Coolidge Tute, 
No. 1,208,495, was issued to Doctor Coolidge оп October 31, 1916. In connec- 
tion with the specifications, mention is mede of sone of the disadvantages 
attending the use of the gas tubes of the prior art. Among these Sm be 
mentioned the following: The pressure of the gas in the tube is чної» and any 
change in gas pressure changes the resistence asd the penetrating power of the 
rays; the changes in gas pressure increase with use snd finslly render the tube 
useless; many of the positive ions etrike the tube wall instead of the cathode 
causing disintegration and cracking of the tube; many tubes of the prior art 
stow a varistie loostion of the focal spot end hence do not give & clearly de- 
fined picture on the screen; the speed of some of the electrons coming from the 
cathode to the target is reduced by impact with gee molecules and this causes в 
lack of uniformity in the penetrating power of the x-rays; secondary cathode 
rays from the anticathode, bombard the anterior hemisphere of the tube and рго- 
dace secondary х-гауе from the glass, Hlurring the picture on the screen, and 
care iust be taken thet there is no reversal in the applied electromotive force 


such as to make the target function es cathode since thie leads te changes in gas 
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pressure. 

Thirty-three claims are allowed in this patent, the third readings 
"Ап electrical vacuum discharge tube, comprising an èn- 

velop, cooperating electrodes, at least part of one of 

which is adapted to be maintained at ineandescence, the 

vacuum within seid envelop being во high that evidences of 

positive ionization are substantially abeent during opera- 

tion and means for focusing the discharge." 

А modification of the original Coolidge Tube ів shown in Plate III 
in which the upper figure is that of the entire tube and in the lower figure 
tbe deteils of the cathode are shown. This ів known ав the Radiator tube, so 
named from the cooper radiator, shown at the right of the upper figure. The 
purpose of this radiator is so to reduce the temperature of the target by con- 
duction through the cooper rod supporting it, that its tempereture will be al- 
ways lower than that of the cathode. | Ву this means the current is always in 
one direction and the tube can be used across the terminals of а high tension 
transformer without the use of a rectifying device. The rapid withdrawel of 
heat from the target prevents the heating of the glass bulb of the tube and 
hence the bulb of this tube ie much smaller then in one without the radiator. 

The following are some ohar&cteristios of the tube. Unless the 
filament ie hected there ie no conductivity in either direction and no current 
will pass, even on the epplication of very bigh voltage. It is a unidirectional 
tube, no current passing except when the hot filament +в the cathode, The 
amount of current paesing through the filament, henoe ite temperature, deter. 
mines the amount of the current discharge. The penetrating power of the rays 


18 determined by the voltage across the tube terminals; the focal spot ia fixed 


in position and continuous operation is possible sithout а change of characteristics. 
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The Institute's Committee has been in correspondence with users 


of this tube and hee received very commondatory comments on its use. 

In consideration of the originality end ingenuity shown in the 
development of a vecuum tabe that has elmpiified end revolutionized the produe- 
tion of x~reys, THE PRANXLIN INSTITUTE awards ite HOWARD В. POTTS KEDAL to 


Doctor William D. Coolidge, of Schenectady, New Tork. 
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President 
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Secretary 
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f Гены of Committee on Science 
and the Arte. 
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РЬАТЕ 11. 
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No. 2853 
Plate III. 


PLATE III. 


